Introduction
The state of water in colloidal systems is a controversial subject. Discovery of the colloidal state by GRAHAM (18) was followed by extensive studies by VAN BEMMELN (66, 67, 68, 69) and ZSIGMONDY (73, 74) . Thermodynamic studies by KATZ (36) indicated significant changes in free energy and heat content in colloidal systemis at low water content. OVERTON (51) concluded that part of the water in animal tissue did not have normal solvent properties. The work of ROSA (59) and HOOKER (28) suggested a relationship between certain hydrophilic bio-colloids and cold resistance in plant tissue. NEWTON anid GORTNER (49) proposed a cryoseopic method for the miieasuremiient of hydrophilic colloids as a criterion of the state of water in living and non-living colloid systemiis. The apparently unusual state of water thus disclosed by a vast amount of data has been called "bound" water. It has been assumed that the presenlee of colloidal material was responsible for the observed phenomiienon. It is of particular importance in biologrical systems because of certain iimiplications with regard to hardiness and drought resistance in plants and animals. The majority of investigations have dealt with plant physiology.
The estiimiation of bound water is based upon the physical measurement of a variety of properties of water. Some workers compute the amount of bound water from the total change in thermodynamic activity of the water in a given systemii while other workers include only that part of the change in thermiodynamic activity which cannot be accounted for by osmotically active substances. In this paper the calculations are based upon the latter concept and bound water is defined as the amiount of water required to compensate for the deviation of some thermodynamic property of water from the measurement expected in simple solution.
It has beeni suggested (17) that bound water is due to the orientation of water molecules about the colloidal particles and that the water, thus removed from the body of the solution, loses its solvent properties. A few investigators have disagreed with these premises. The data of HILL (27) and GROLLMAN (21) did not show appreciable amlounts of bound water in many colloidal systemis. GREENBERG and GREENBERG (20) subjected the concept of lost solvent powers to test and found no evidence for bound water on that basis. A knowledge of the nature of the phenomenon observed is necessary for the interpretation of its role in biological processes.
METHODS FOR BOUND WATER STUDIES
The methods used to measure the properties of water are based on physico-chemical laws applicable to all components of the solution. Attention is centered upon water since it is the major constituent anid lends itself readily to measurement. Perhaps the most frequently used methods are based upon the colligative properties of the solution, i.e., vapor pressure lowering, freezing point depression, and osmotic pressure which are interrelated through the applicability of the gas laws to solutions. The chief methods used for the determination of bound water may be classified on the following basis:
I Methods and materials Two colligative miethods were used in this study on the state of water. The first consisted of vapor pressure measurements made by a highly sensitive static vapor pressure apparatus described in a previous paper (5) . Gelatin was selected as a typical hydrophilic colloid upon which much data has been secured (3, 16, 20, 21, 22, 23, 29, 32, 35, 42, 46, 50, 58, 65) . Potassium chloride was selected as a reference solute since its vapor pressure in true solution has been shown to behave in a regular manner over the range of concentrations to be studied (14) ; furthermore its combination with gelatin (50) 
dN1 dN1 where N is the mole fraction, f the fugacity, subscripts indicate components; temperature, pressure, and volume are assumed constant. Activity or vapor 2 Activity: the thermodynamically effective concentration of a constituent rather than the molar concentration. 3 Free energy: the energy change in a process which may be used to do work; a measure of the tendency of a reaction to go in a given direction. Under conditions of these experiments it equaled the maximum work possible. It also equaled the total energy change less the amount involved in entropy change. 4 Heat content: the total energy content, in calories, of a gram mole of a constituent. Actually only the change in Jleat content can be measured. The gain or loss is due to changes in physical properties of the molecule. 5 Entropy: the energy, in calories per degree, absorbed in a process but not available for work. As used here positive values indicate a more random condition, negative values a less random condition of the molecules. pressure mnay be substituted for fugacity in this equation which emphasizes the fact of energy exchange within the solution.
The possibilities of deviations in actual solutions containing ions, nonelectrolytes, and dipolar compounds of diverse electrical properties and molecular sizes may well be considered. In a typically non-ideal solution of ions the DEBYE-HtCKEL theory (7, 30) The negative deviation of vapor pressure lowering of KCl solution in the preseniee of celatin indieated that the activity of KCl had been decreased. If this is a fundamiental principle it would be reflected in the solubility of a slightly soluble electrolyte in the presenee of a colloid. FAILEY (12) found the solubility-of TlCl in the presenee of edestin agreed with that concept. JOSEPH (35) also founid a decrease of activity of many salts in the preseuce of gelatin. GORTNER anid GORTNER (17) an1d GERIKE (16) Valence and structure effects may be noted by appropriate comparisons in (E), (F), (G), and (H). The influence of ion concentration is shown in (J) and (K) while both ion concentration and structure of dipolar compound may be seen in the last. These are all non-colloidal solutions.
It appears that the problem of deviations observed here is characteristic of solutions in general and that the conclusion of HUCKEL (30) regarding electrolyte solutions may be extended to dilute colloidal solutions. This leads to the conclusion: hydration is by no means as important in determiniig the characteristics of a solution as we are prone to think; the significance of the observed phenomena lies in the electrical forces which permeate the solution.
The preceding discussion has dealt with phenomena in dilute colloidal solutions, more or less complex in composition, and has emphasized the relative influence of components other than the colloidal substances. An important part of the literature on bound water has dealt with systems at low water content. ROSENBOHM (58) found that of the thirty-six calories evolved per gram of gelatin in process of saturation, thirty-three calories were given off in the absorption of 0.24 grams of water. KATZ (36, 37) showed that a typical sigmoid curve, as represented in figure 1, (1, 22, 23, 29) . The great differences between heat content and entropy of onie region and these same functions for the other region suggest that the water molecules are subjected to quite different forces in these two regions. It is justifiable to differentiate two classes of pheniomena: first, those that occur in solutions wherein the process approaches reversibility; secondly, those that occur in colloidal solutions at low water contenit where the process is irreversible. In the first of these it appears that the forces Table IV  KCI are predominantly electrical forces existing betweeni compolnents of the solution which tend to make it non-ideal. ln the seconid case one deals with water in a conditioni similar to that of a crystal hydrate.
The evidence indicates that the chief influelee upon the thermodynamic activity of water in a complex colloidal solutioni is the osmotic force which is not included in the definlitioni used here for bounid water. It is inidicated that the electrical forces existinlg between the comnponents of the solution which make it nion-ideal are responsible for the pheniomena often considered as a measure of water "bound" by colloids. Under certain conditions the nature of the reference solute may profoundly affect the results obtained in measurements. In a colloidal system of low water content the thermodynamic properties of the water differ from that of the pure solvent. 
